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An investigation of the performance, longitudinal stability and S <
f control, and lateral stability of three V/STOL variable-wing-sweep air- g e
k’ plane configurations with wing outboard panels swept 25°, 50°, and 75° fog -
o, was made in the Langley 8-foot transonic pressure tunnel. Data were ! =
¢ obtained for an angle-of-attack range at Mach numbers from 0.60 to 1.30. L

a7

The general effects of wing sweep and Mach number on the aerodynamic
characteristics of the three models investigated were similar and show
the same trends as have been reported for other configurations employing
a similar variable-sweep wing. The maximum lift-drag ratios are somewhat
lower than those for contemporary configurations which do not have V/STOL
capabilities. The aerodynamic-center shift for both wing sweep angle
and Mach number is somewhat improved over that for previous configura-
tions and amounts to approximately 13 percent of the mean aerodynamic
chord for a change from 25° of sweep at a Mach number of 0.60 to 75° of
sweep for Mach numbers near 2.0. For 25° of sweepback, the lowest sweep
angle investigated, longitudinal instability occurs at moderate 1lift
coefficients. Although the models were directionally stable for low and
moderate angles of attack, they became unstable in the neighborhood of
10° to 120, '

INTRODUCTION

The National Aercnautics and Space Administration has made extensive
wind-tunnel studies to provide aerodynamic data for variable-wing-sweep
airplane configurations suitable for multiple missions which would com-
bine long-range subsonic flight for ferry (or loiter), efficient super-
sonic performance, and good landing and take-off characteristics. The

*Title, Unclassified.
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results of these studies, in which a variable-sweep wing was developed
which employed an outboard pivot to minimize the aerocdynamic-center shift
with wing-sweep changes, are presented in references 1 to 7. In order

to add the capability of a rather long range of low-level supersonic
tlight, the wing-sweep range was increased to approximately 110° so that
a large portion of the wing lay on the fuselage, and in order to assure
low wave drag, the configurations were designed according to the area-
rule concept of reference 8. The results of this study are presented in
reference 9.

In order to provide airplanes with V/STOL capability, which enables
them to operate from locations with limited ground facilities or from
devastated areas, variable-sweep configurations have been designed around
a proposed vectored lift-~thrust engine. These engines have jet-exit
nozzles which rotate through angles of approximately 120°, from straight
back for forward flight to about 30° ahead of the vertical for low-speed
operation.

The purpose of the present paper is to provide information on the
performance, longitudinal stability and control, and lateral stability
characteristics of three V/STOL variable-wing-sweep airplane configura-
tions with wing outboard panels swept 259, 50°, and 75°. Force and
moment data were obtalned for an angle-of-attack range at Mach numbers
from 0.60 tc 1.30. In order to expedite publication, the data are pre-
sented without analysis. The longitudinal characteristics of two of
these configurations at a Mach number of 1.97 are presented in refer-
ence 10, and the longitudinal and lateral characteristics of the third
configuration at a Mach number of 2.2 are presented in reference 1ll.

SYMBOLS

The 1ift and drag data are referred to the wind axes; the other
force and moment data are referred to the body axes. The origin of the
wind and body axes for the three models investigated herein is shown in
figures 1 to 3. This location was on the body reference line and was
positioned longitudinally to give a static margin of 5 percent mean
aerodynamic chord at a Mach number of 0.60 for each of the models with
the wings swept 25°. All the data presented herein were based on the
planform dimensions of the wings with 75° of sweep. The symbols used
are defined as follows:

A aspect ratio of wing, b2/S

duct exit area (total) on body sides

e,l
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Ae,2 duct exit area at end of body
Ap projected area (total) of duct inlet on plane perpendicular
to reference line of body
b span of wing
Cp external drag coefficient, External drag
A5
CD,i internal drag coefficient,

Ae 1
p,e,l —7§— cOs a cos 8

+ [—(Vao - Ve,2 cos oc) - Cp,e,2_"'_‘ cos a

gS;(Vm - Ve,l cos a cos 6> -C

QS S
Cp.o zero-lift external drag coefficient
b
cL, 1ift coefficient, Lift
Q.S
Cy lateral-force coefficient, Lateral force
QS
C, rolling-moment coefficient, Rolling moment
q,Sb
Cm pitching-moment coefficient, Pltchlng_moment
q.S¢
Ch yawing-moment coefficient, Yawing moment
q,Sb
Cp,e,l pressure coeffiecient of flow in duct at duct exit on body sides
c pressure coefficient of flow in duct at duct exit at end of bo
P,e,2
c mean aerodynamic chord of wing
L/D lift-drag ratio, Cr/Cp
(L/D)max maximum value of lift-drag ratio
M Mach number of undisturbed stream
Qe dynamic pressure of undisturbed stream, %pmVMQ

R Reynolds number, based on c
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velocity of flow in duct at duct exit on body sides

veloecity of flow in duct at duct exit at end of body

velocity of undisturbed stream

total mass flow in duct,

Wl+W2

mass flow in duct at duct exit on body sides

mass flow in duct at duct exit at end of body

mass-flow ratio based on projected area of inlet,

W/ PV oD

angle of attack of model, based on reference line of body

angle of sideslip of model

norizontal-tail deflection, positive direction when trailing
edge is down

sweep angle of wing, based on sweep of leading edge of outer

panel

angle between plane of duct exit on body sides and lateral
axis (see fig. 3)

mass density of undisturbed stream

—= vper deg
aCpy
dcy,
dac

= per deg
ady,

dacC

—2 per deg
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Components of models:

B body (including canopy and air inlets)

H horizontal tail

Vv vertical tail

Wy wing for which A = 25°

Wy wing for which A = 51.3° (models I and II) or A = 50°

(model III)

W5 wing for which A = 75°

APPARATUS AND METHODS

Tunnel

The investigation was made in the Langley 8-foot transonic pressure
tunnel. This tunnel can be operated over a range of total pressures.

Models

The models tested in the present investigation are identified
herein as models I, II, and III. Three-view drawings of the models are
shown in figures 1 to 3, and photographs of the models are shown as
figures 4 to 6. Some of the geometric characteristics of the models are
presented in table I. Models I and II were l/lO scale and model IIT was
1/20 scale.

All three models were designed for internal flow. Model I, which
had four duct exits with two located on each side of the body (fig. 4(b)),
represents a four-point vectored-thrust V/STOL arrangement. The presumed
advantage of this type of configuration is good longitudinal and lateral
stability at low forward speeds due to the symmetrical nozzle arrangement

gﬁ@ﬁgﬁv.w
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with respect to the airplane center of gravity. The disadvantages of
such a configuration are the large wetted area associated with the
large inlets, necessary for low-speed flight, and the difficulty in
obtaining a refined area distribution. It is estimated that supersonic
speeds in the neighborhood of M = 1.8 should be obtainable with this
type of configuration. Model II (fig. 5(b)) represents a three-point
vectored-thrust V/STOL arrangement. The forward part of this configura-
tion from the nose to the first set of nozzles is identical to model I.
The third rotatable nozzle (not represented on the model) would be
located on the fuselage center line just ahead of the space provided
for the afterburner section. The advantages of this configuration are
the cleaner aerodynamic design and higher supersonic speed potential,
estimated to be approximately M = 2.2, due to the addition of the
afterburner. Model III (fig. 6(b)) represents an STOL design with two
rotatable nozzles near the center of gravity to minimize stability
problems in the low-speed mode. The nose section is considerably
longer than that of models I and II and, therefcre, closer to the
optimum fineness ratio. In addition, a better area distribution was
cbtained (fig. 7) and it is estimated that it should be capable of
operation near a Mach number of 2.5.

Three wings of identical plan form and with sweep angles of the
outboard panels varying from 25° to 75° were tested on each model. The
pivot point about which the outer panel of the wing was swept was
located laterally at 51.1 percent of the semispan of the 75° swept wing.
The inboard (fixed) panel of the wings had a leading-edge sweep of 60°.
The airfoil sections (parallel to the root chord) were NACA 65A004.5 for
the inboard panel and NACA 65A006 for the outboard panel at A = 25°.
The wings had O° dihedral and incidence and were positioned 2.90 inches
above the body reference line for models I and II and 1.40 inches for
model TIII.

The leading-edge sweep of the horizontal and vertical tails was
450 for model I and 60° for models II and III. The dihedral of the
horizontal tail was 0O° for model I and -15° for models II and III. The
horizontal tails were of the all-movable type.

The longitudinal distribution of cross-sectional area of the three
models is shown in figure 7. The cross-secticnal area has been reduced
by 80 percent of the inlet projected area Ap to account for internal

flow.

Instrumentation

An internally housed six-component strain-gage balance was used for
determining the overall forces and moments on the models. A strain-gage

OO
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attitude transmitter used for getting the no-load angle of attack of the
model was housed in the extension of the model sting.

A static-pressure orifice located within the chamber surrounding the
strain-gage balance was connected to a pressure transducer. Two rakes
of total-pressure tubes were used at the duct exits when mass-flow and
internal-drag measurements were made. Static-pressure tubes were located
on the duct wall at the duct exit.

The overall forces and moments on the model, the angle of attack,
and the static pressure in the chamber surrounding the strain-gage balance
were recorded electronically on punch cards for all configurations.
During the mass-flow runs, the rake total pressures and the duct-exit
static pressures were measured by use of a multiple-tube mancmeter con-
taining tetrabromoethane. All manometer tubes were photographed
simultaneously.

TESTS, CORRECTIONS, AND ACCURACY

Tests

All the tests were made with transition fixed by narrow strips of
No. 80 carborundum grains shellacked to the wing and tail surfaces at

10 percent of the chord (streamwise) and to the body at 10 percent of
the length.

The effect of wing sweep, horizontal-tail deflection, and model
components on the aerodynamic forces and moments was determined. Most
of the tests were made at an angle of sideslip of 0°. The configuration
with the 75° swept wing (Bi3VH at &y = 0° for models I, II, and IIT)

and the configuration with the 25 swept wing (BW1VH at &, = 0° for
model ITI) were also investigated at an angle of sideslip of 5°.

All the configurations were investigated for an angle-of-attack
range at five Mach numbers from 0.60 to 1.20. The configurations with
the 50° (or 51.3°) and 75° swept wings were also tested at a Mach number
of 1.3 at zero sideslip. The zero-lift drag of some of the configura-
tions was obtained also at several intermediate Mach numbers. The total
bressure at which models I and II were investigated was 800 1b/sq ft for
Mach numbers from 0.60 to 0.90 and 600 1b/sq ft for Mach numbers from
0.95 to 1.30. The total pressure at which model III was investigated
was 1,350 1b/sq ft for Mach numbers from 0.60 to 0.90 and 1,000 1b/sq ft
for Mach numbers from 0.95 to 1.30.- Some zero-lift drag data were also
obtained at a total pressure of 2,120 1b/sq ft for several of the con-
figurations of Model III. The Reynolds number range of the investigation
is shown in figure 8.
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A1l the configurations were investigated with internal flow in the
models. The mass flow and internal drag of the configuration with the
75° swept wing (BWzVH at ©p = 0°) for each of the three models was

measured. Internal-flcow data were obtained for the angle-of -attack
range at Mach numbers from 0.60 to 1.30.

Corrections

The external-drag coefficient Cp was corrected by adjusting the

static pressure in the balance chamber and at the body base to the free-

stream value. The external-drag coefficient also includes the correc-

tion for the internal-drag coefficient Cp y. The internal-drag coeffi-
)

cient measured for configuration BWzVH (3, = 0°) for a given model was

used in correcting all the configurations of that model.

Data presented herein at supersonic Mach numbers consist of zero-
1ift drag data at Mach numbers of 1.01, 1.02, and 1.03 and of force and
moment data taken for the angle-of-attack range at Mach numbers of 1.2
and 1.3. At Mach numbers of 1.0l to 1.03 for all three models and at a
Mach number of 1.2 for models I and II the flow over the models was
subject to influence by wall-reflected disturbances. Model IIT was
clear of wall-reflected disturbances at a Mach number of 1.2 and all
three models were clear of wall-reflected disturbances at a Mach number
of 1.3. Wall-reflected disturbances usually increase the drag at Mach
numbers near 1.03 and reduce the drag at Mach numbers near 1.2. The
variation of pitching moment with angle of attack at a Mach number of 1.2
shows some irregularities and slope changes for model I which are at
variance to those shown by the remainder of the data and which presumably
are caused by wall-reflected disturbances. Plots shown herein of faired
performance and stability parameters against Mach number are believed to
indicate the general trends at those Mach numbers where wall-reflected
disturbances are present. No corrections have been made to the data for
wall-reflected disturbances except to the extent of the partial correction
for wall-reflected disturbances inherent in the base-pressure correction.

A buoyancy correction was made at a Mach number of 1.3. This correc-
tion consisted of reducing the measured drag coefficients at a Mach number
of 1.3 by 0.0039 for model I, 0.0040 for model II, and 0.001L for
model III. At the other Mach numbers no buoyancy correction was required.

No sting interference corrections have been made to the data except

to the extent of the partial correction for sting interference inherent
in the base-pressure correction.

0 O H
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The estimated accuracy of the
calibrations and the repeatability

Accuracy

data based primarily on the static

of the data was as follows:

PRESENTATION OF RESULTS

The basic data are presented in figures 9 to 22.
consist of plots of 1lift coefficient against angle of attack, drag coef-

+0.01
+0.001
+0.002
+0.0003
+0.001
+0.006

0.1
+0.1
+0.003

Figures 9 to 21

ficient against 1ift coefficient, pitching-moment coefficient against
angle of attack and 1lift coefficient, and lift-drag ratio against lift

coefficient. Figure 22 is a plot of internal drag coefficient and mass-
flow ratio against angle of attack and Mach number.

figures is given in the following outline:

Model I:

Effect of horizontal-tail deflection for -
Configuration BWqVH (A =25°) . . . . . . . . . .. ...

Configuration BWsVH (A =

Effect of wing sweep for -
Configuration BWVH; &y =

75°) .

o° .

Configuration BWV (horizontal tail off) . . . . . . . . .

Model II:

Effect of horizontal-tail deflection for -
Configuration BajVH (A =25°) . . . . . . .. .. ....

Configuration BWzVH (A =

Effect of wing sweep for
Configuration BAWVH; &y =

75°) .

-0.2°

e e - - . . . e« s o . . .

Configuration BWV (horizontal tail off) . . . . . . . . .

An index of these

Figure

9
10

11
12

13
1k

15
16
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Figure
Model III:
Effect of horizontal-tail deflection for -
Configuration BWIVH (A = 250) . . « v v v v v v o o v o = 17
Configuration BWzVH (A=7T59) v v v« v v v e e e e e e e 18
Effect of wing sweep for -
Configuration BWVH; 8 = 0° . . v v v v v v v v 0 v o v v s 19
Configuration BW (horizontal and vertical tails off) . .. 20
Body alone characteristics . . . . « ¢ ¢ ¢ ¢ o o o v 00 . 21
Models I, II, and III:
Internal drag and mass flow for configuration
BW ;VH (A =759 8, =02 . . v i i e e e e 22

Summary data on performance, stability, and control are presented
in figures 23 to 33. The summary figures on performance and longitudinal
stability and control (figs. 23 to 30) are plotted against Mach number.
The summary figures on lateral stability (figs. 3L and 32) are plotted
against angle of attack and Mach number. A direct comparison of the
performance and longitudinal stability of models I, II, and III is given
in figure 33. An index of these figures is given in the following
outline:

Figure
Effect of wing sweep on zero-l1ift drag:
Configuration BWVH; &, = 0° . . . . . . . ¢ « o o v v o v v e 23
Configurations BWV and BW; 8, = 0° . . . . . . « .« . « « . 2L
Zero-lift drag of body alone (model III) . . . . « « « « « « & 25
Effect of wing sweep on lift-curve slope for
configuration BWVH; 8y = 0° . . . . . . o o ¢ v o o v o o e 26
Effect of wing sweep on maximum l1ift-drag ratio for
configuration BWVH; 8 = 00 . . . . . . .« . . o o 0 e . 27
Effect of wing sweep on static longitudinal stability
derivative for configuration BWVH; 8, = 0° . . . . . . . . . 28
Variation of static longitudinal stability derivative
with angle of sweep for configuration BWVH; &, =0° . . . . . 29
Effect of wing sweep on horizontal-tail effectiveness
for configuration BWVH; a = 00 i e e e e e e e e e 30
Iateral-stability derivatives:
Configuration BWzVH (A = 75°); &) = 0° v v e e e e e . 31
Configurations BWVH (A = 25°) and
BW 5VH (A = 75°) with 8y = 0° of model III . . . . . . . . . 32
Comparison of longitudinal characteristics of models I, IT,
and III for configuration BWzVH (A = 75°); 8p = o° ... 35
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SUMMARY OF RESULTS

In general, the effects of variation in wing sweep angle and Mach
nunber on the aerodynamic characteristics of the three models investi-
gated were similar and show the same trends as have been reported for
other configurations employing a similar variable-sweep wing. (See
refs. 1 to 7.) The maximum lift-drag ratios are somewhat lower than
those for contemporary configurations which do not have V/STOL capability
because of the large fuselage drag resulting from the large cross-
sectional and wetted areas associated with the engine inlets required
for low-speed operation in the V/STOL modes. At transonic speeds,
although there are sizeable reductions in zero-lift drag with increases
in wing sweep angles from 25° to 75°, improvements in maximum lift-drag
ratio are not realized due to the increase in drag due to lift accom-
panying wing-sweep increases. Increasing the wing sweep angle produced
large reductions in the lift-curve slope which would be beneficial from
a gust acceleration standpoint for high~speed low-level flight.

The aerodynamic-~center travel with both wing sweep angle and Mach
number is somewhat improved over that for previous configurations and
amounts to approximately 13 percent of the mean aerodynamic chord
accompanying a change from A =25° at M = 0.60 to A = 75° for Mach
numbers near 2.0. For the lowest sweep angle investigated, A = 25°,
longitudinal instability occurs at moderate 1ift coefficients. Although
the models were directionally stable for low and moderate angles of
attack, they generally became unstable in the neighborhood of 10° to 12°.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., June 9, 1960.
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TABRLE I.-

Model I:
Wing with A = 25© -
Area, S, sq ft . . . . . . . ..
Span, b, in. . . . ..
Mean aerodynamic chord, e, 1n
Aspect ratio, A ottt
Wing with A = 51 3
Area, S, sq ft . . . . . . . . .
Sp&nbin.........
Mean aerodynamic chord, €, in.
Aspect ratio, A . . . . .
Wing with A = 750 -
Area, S, sq ft . . . . . . o ..
Span, b, in. . . e e e s
Mean aerodynamic chord, c, in. .
Aspect ratio, A . . . . ..
Duct -
Projected inlet area, Ap, sq ft
Exit area -
On body sides, Ae,lr sq ft
At body base, Ae,2: sq ft .
Total, sq ft . « « « + « « «
Duct exlt angle, 6, deg . . . .

Model II:
Wing with A = 25° -
Area, S, sq ft . . . . . . .
Span, b, in. « . . . . . .
Mean aerodynamic chord, ¢, in. .
Aspect ratio, A . . . . < . .
Wing with A = 51.3° -
Area, 3, sq ft . . . . . . . .
Span, b, in. . . . [P
Mean aerodynamic chord ¢, in. .
Aspect ratio, A . . . . . . . .
Wing with A = 75° -
Area, S, sq ft . . . . .« ¢« ..
Span b, in. . . . e
Mean aerodynamic chord, c, in. .
Aspect ratio, A . . . . ...
Duct -
Projected inlet area, Ap, sq ft

Exit area -
On body sides, Ae,lr sq ft . .
At body base, Ae,?x sq ft
Total, sq ft . . + . . « « &
Duct exit angle, 6, deg . . .

Model III:
Wing with A = 25° -
AreaS,sqft........
Span, b, in. . . <« .« . .
Mean aerodynamic chord, c, in. .
Aspect ratio, A . . « e e e
Wing with A = 5o° -
Area,S,sqft.........
Span, b, in. . . . e
Mean aerodynamic chord E
Aspect ratio, A . . . . .
Wing with A = 75° -
AreaSsqf‘t........
Span, b, in. . . . .
Mean aerodyn&mic chord, c, in. .
Aspect ratio, A . . . . . . .
Duct -~
Projected inlet area, Ap, sq ft
Exit area -
On body sides, Ae,l’ sq ft . .
At body base, Ae,zv sq ft .
Total, sq ft . . . . . . . . .
Duct exit angle, 6, deg . . . .

.o
=

GEOMETRIC

CHARACTERISTICS

OF MODELS

2.7295
44.98
12.39
5.148

2.608
37.32
13.16

3.70

2.4991
26.112
15.6335
1.804

0.1100

0.0978
0.0
0.0978
27.5

2.7295
4k .98
12.39
5.148
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(a) Three-quarter front view.

Figure 5.- Photographs of model II. Configuration BW5VH (A = 75°).
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Figure 10.- Effect of horizontal-tail deflection on longitudinal
aerodynamic characteristics of model I with 75° swept wing.
Configuration BWBVH.
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Figure 11.- Effect of wing sweep on longitudinal aerodynamic

characteristics of model I.
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Figure 12.- Effect of wing sweep on longitudinal aerodynamic

characteristics of model I with horizontal tail off. Con-

figuration BWV.
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Figure 31.- Continued.
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Figure 32.- Continued.
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